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ABSTRACT: 

PROBLEM TO BE SOLVED: To achieve high efficiency manufacturing method of an actuator 
having SMA thin film by subjecting a shape memory alloy thin film on an insulating 
film to crystallizing heat-treatment and to a shape memory treatment, then 
patterning it into a predetermined form, etching a part of an insulating film on the 
back of the substrate, and etching the substrate via the remaining insulating f ilm . 

SOLUTION : Insulating films 4 , 6 are formed on the opposite surfaces of a silicon 
substrate 2, and after a lower layer film 10 consisting of TiNi-alloy is formed on 
this insulating film 4, an upper layer film 12 consisting of TiNi- alloy is formed 
on this lower layer film 10. Herein, the internal stresses and the composition of 
the upper layer film 12 and the lower layer film 10 can be set arbitrarily. Then, 
the upper layer film 12 and the lower layer film 10 are subjected to heat treatment 
for memorizing a crystallized and flattened form. Then, the upper layer film 12 and 
the lower layer film 10 are patterned into a U-shaped cantilever form, and a part of 
a mask 6 is removed to expose the silicon substrate 2, and the silicon substrate 2 
is subjected to an anisotropic etching treatment via the remaining mask 6. 
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h ; S i SS<Off $ 
R; SiSSOft^^lig 
t:|gW 

fe|4 (a) \,:jp ' &flfz±^iftMM.22tP±.\,zi}i^b^j: 

-ox^^tzbti^h. mm^tu-zSMAmmon^m 

*>^<7 = -50. 2MPai::&4. 
[0059] ZtliZlitLX. 04 ( b ) {C^SiXitjEi* 
/i*>;^^«2 2*i±{=IHI«i:^:->TV^S^:i:*»<c.. 

tiy^: s M ASfKc^rtssie^jJi. eisiffi:*? b^j:*). -^m.- 

tf{±. ±iBXh---<(^)^>^><J = 14 3. 8MPat 

[0060] ^c7)i d t:ffljfi<^S=3:Si^lS^««-rS- 
i: t J: t, . S M AS)Slcffil8i5:>]X{i^l5UE^j$:-^ 



(7) 



1 1 



(b) #gg) safiUitji^-rs^ttioTjg 

l)^1iL;t¥Ji«tlH]g (01 (c ) #Bg) 

[ 0 0 6 1 ] isim^mmrQii.. immwk 1 2 

XtTFa^H 1 0 t^h^h 2 flflfiico S M ASKSr*-r 

SMA^KS:fflv^Tt>SV\ 10 
[0062] 110 ( a ) , ( f ) tc»i. . S 
M A^ffiiOSfffi*<^**?.Tfc 0 . ( b ) . ( c ) -. 
( d ) . ( e ) SMASK«ff$T^r|Slt 

o.Ra(g). (h). (i). 

10063] 05(b). (g)lc^J:o{:. *-cO 
S M AmK*»'^«-S>Tltt>^ 8 W±ffl3*> <i>Tfflltl6|*»-5 

•cegjB^^spgw (110 (b)#«a) xj±j^^ (ii 20 

0(g) #!S) tJt^-^-lffcJ^, i^'J 3>'S«2±t 

|iil§^iaiJ^S:lS-r (PI0 (k)#!iS) . 

[OO64]05(c). (h) fcr^iatC. SMA 
^KW±ia*»^>TiatlpJ*»o-C9l3giG:^)?rgpgW (110 

( c ) #83) X{±3i^ (110 ( h ) #!S) 

■r (110(1 )#!!8) . 

[0065] 05 (d) . ( i ) tll^-fi^t. SMA 
^IScO±ffl*><c>TflIt-|6]*»-5 r?l5S«;:>J SrSPgW ( 110 30 
( d ) #{B) Xtta^ (110 ( i ) #88) tcliJn^-li: 

■r (I10(m)#!i) . 
[OO66]05(e), ( j ) tC^i^t, SMA 
SKi7)±ffl*^^Tffll(Cl6l3&--?T^l5:>jS-gP§« (N0 

( d ) mi) xiiwm (110 ( i ) #!i) izmm^-^ 
-r (ii0(n)#ia) . 



!^S¥l 0-1 73306 
1 2 

5g**5^ 2 4 $ ix:tZ::fr|filtt S MAWW^i^^ 

[oo7o]5J$a524{4. rnKTm^cnmrntmrn 

tixti^. -ecotwiias^tti. i^y3yaig2 8i&»f>ie 
igjS3 0 {:mMLxm^^tvtzmm^<7)ma 3 2*»w 

^>flTV^S. ^t>. l6iSlS3 0 k LT«±. ifefe 
-IhMXJifiie^ijMflii^'jaylS (lSi5:']S i N!S) ^« 

mxii.. ^(o-mt tX: 0m^.i^hi&«itis i n 
jS3ojjaffl-ri.. 

[0071]M»^S2 6»4, ^a52 4Wg3P3 2^ 
S i N^) 3 0±fc^5<xTV^S. >lc7)J; a^rfil^Sr 

[00 7 21 $/y3yfflg2 8±t:tfegK 

(fi(G:fjSiNK) 3 0^^L/;ft, SMA^KJ-^ 

m:fj) im^^ti&. ^13. ^iso?gfflrr{±. sma 
■lirsfctoc^iiiisra (i^msmm) m^m^izmmi 

7:l-hyyir57-f-tJ;oTSMAaK^Hm* 
Jg<J5?ISf^>ISBttt^N-^'-->-:5^-r«.. ^V^T. 0S^L 
iitLX 'J 3 >a« 2 8 tS^rttX y f-y 
^'^SSt/^^Si. »Mi|g (milS i NIS) 3 0tH5>f 
X y^y:5' (mm. RJStt-f:tyx.y^y^'(RIE))J 

iSt, ::<7)*g*. 51$8i524co4»J(ia5^fcffiJg«<^SP 

3 2im&^ti. mmiz, z(r)mn3 2immvx^ 
?ix)tM^*>lS2 6^liifcr^'^AX-^'*5^^ 

[00 7 3] dOid^rSJSro-bXKiixtf, SMA 

^mizmmmiz}i\.^x. ra}#^>^2 6»i. 06 

(a) tsti^k, ±[pi^r~^hm.m^. 

[0 0 74] zffmSiiza^^x . m^-hm2 6cow^i,z 

)B*^^^fc-M<^)«E>'^°•y K 3 4 t:0rSO«E^MnL 
TSMAgf|gSr3lg»-ri.fc. COTiNi-^^SSMA 

16*. T i N i -^msMAmmmmmmizmrs 

V^T, Ml#^^^2 6ii. 06 (b ) tl^J: o^s^m 

^izmu-Th. 

[ 0 0 7 5 ] ls!-5T . :*^c0?g®O)g*^^-&^)i 

T^'f-^x-^j'tifttf. m^mx'wmmiSi*)M 
•tzb^zx^x. mn*>^2 6i:mmmiz^^-ithz 



[0 0 6 7] ;i<r>i:dizSMAm!l^^mzmijmii^ 

i-SittctoT, asRiasortm^f^ffl (±iEi6 40 

KSr^ftS-fr. Jnii-rS^lfcti-^TSMAaKS:}^ 

[ 0 0 6 8 ] »:tC, 2|=l6BB«OSI2«0||te<OJgffi[fc«S?g 
«iEei&^MT:5'f-jLX-:}'tov^T. 06 2r#.^t - 

[0069] 06 tc^-r i a l 

3tMl#t>§^T:J'^jLX-:J'J4, ^a52 4i:. -e<OM 50 



(8) 
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1 3 



hztuMmx'hh. Mim^zii. me (c) tcs^-rj: 

XJ4<9 2 (<91<<9 2 ) t^^^-frSClfc 4. =3: 
a. TiNi^igSMA^ISJi. a^6 3 3nm<7)5K 

micti^izii. sMAnwikizcrmmmiiti 
[00761 mz^ ^miff)m3ffymi<mmi,zg^m 

[0077] 07&t^8 fc^-r i d *lli4[<0Jg® 
teas LJtr^f ^75AST^'f-jLX-^'tt. Sl§a53 
8t. -t«SM^*«Si#33 8t$}#3ii/^rSri6JttS 

V^S. ^t>\ S M Agist UTti. *IISS<0}g®-Ctt, 20 
-e<:0— LT . T i N i ^m^P>&h SMASKS-ji 

[oo78iij#aj3 8{4. mKrm&mmtmm 

tc. y y 3>fflS4 2±fc*eM^|g4 4 &^L-Cffll«$ 
ifCisO. -ew+dfeas^J-tti. i^»j3y^4 2*»€.|fe 
MaS4 4^KltT}gBg§n^n^»«OHP4 6*^ 
(t^>tiTV^S. ^:t>. *fegIS4 4kLT{±. MHi. m 

}^®-cli. -fco-CTt tT, m.m^i-^1SJii:h s i 30 

[0079] ^^>f-^75A4 0{4. 5J$I»38«SP4 
(ffi*E:*)SiN|S) 4 4±t3a*$tiTV^&. ^icoJ:^ 

[00801 M*w»c{4. u 3 ymi.4 2±izwm 

(fi^:>jSiNH) 4 4S-^L)ta, SMA^KS:^ 

fbij) m^^tii>. ^^mkmrnvii. sma 4o 

»M*-^>jSS^^>f^7^A4 Oizms^:f}tfi^l^iU:i 
%kl>Z'o\^xmm-ti>. ::<7)S. SMA^KWi. 

*L^:V^-7>^^'^:rt-Lt:xl>3>'»lg4 2lc^l^^a 
r^Xv (ICP) xy^y^^JtlL^S. (fi 
I5:»)S i NM) 4 4tH5^x.y^y^^ (Wxtf. RJS 

tt>f>}-yX-yf-y^{RlE))^ilt. ICPX.y^ 50 



1 4 

y^ffiTJi. »SiS ((SIE:»JS i NK) 44«x>y^y 
inMmizit'^X , U n yaiS4 2 (7)x -y ^ y^nm^ 

'j^yms.4 2±izm^2um(r>imm «£jE:bs i n 

IS (fiK:*jsiNig) 4 4i9MtxPimm^<omn4 

*a5^tcni§j^<oi3P4 63!)5»jg$ft. nmiz. ;i<r> 

mn4e^moidiz^^ti/^ir^-^yyA4oim 

i.jtr^'^jt.x-^jii^^^s. 

[00811 zcoxo^wtra-txizxtm. sma 

^^tc:Sa*tfl!t::tJV^T. i^^'VyyJ^4 0ii. 
# H-AJgteS-jSt- (H7 ( a ) . ( b ) #Bg) . 
[0 082] c:<7)*t®fc:iiii^T. r^^yyJxtzm^^ 

TSMASISS-Jlife-rSt. r<7)TiNi^^aSMA 
glSJ±. ^-Xr-^-^f hffi (iSiSffl) tSEffi-rS. ^co 

ism. T i N i ^ssM Agns^o?B^jeE1i^&«fc«':^ 

V^T, :5^-f-V'75A4 0t±, H7 (c) . (d)t5^-r 
[ 0 0 8 3 ] S!-5T . 2|s3IMicO}g®co»^^B1i^^lS 

Tifi-jLX.-9izxtn{. m^mxnmMi:mm 

i-ZbizX^X. ir>(^yyA4 0i^imiZ^^-t 
[0 0841 ^:t5, ^^^-^77A4 0«DH-A^fflS:K 

?e«Ee^^ffir:7f-jLX-i'^3t®|6lSi: LTfflv^ 
-I.J:i:**«rtE-C*)S. ftfW*lt«. 08 (a) IZ^-tX 
tf4 8*-<i>cO!Hltfi[S2-^'(k^#SC: 

-fbs-frs:: fcj&j-ci' i. . iji^j^cu— r4 8*> 

(i><0W-1f-3t^ 7 A4 0 CO H-A]I±fi[St 
HgWL/^J^-^fcrtt, r^^yyA4 0^$a&^itXiy^ 

(08 (a) #ag) . ifc. i<^«t®fc:tJV^T, ^0 
( a ) fcS^-r J: 3 1 . r4 8 ir^Gf^izPi 

[008 51 1^. 07 (b) ^z9j^•tx^^z. y^^y 

7A4 OCT) K-ASfflSr^^6^S tT«ffl-rS^ 

i:t>iirt£-c*)S. icoi©^, Y-j^-msz^wmk^ 

it Lfclgtc K-i.aBai6>^>Rlt L^wSlt^Kco^ySiRSP 

■c. sMAiSisc^MfeiagSr^^b-fa^fctcioT. m 

[00861 ^rtJ. 07 (a) . (b)cOi^tCfcV^ 
•C, TiN i^iiSMAgK«. «:R63 3nmC03t 



(9) 



1 5 



[ 0 0 8 7 ] <j:k. ^.mmt^^ffmiLmmizmm 
mi^^^^T i'^:xJi-^ {zr>\ . H 9 mm i 

[0088] H9St/Hl Ot^-fi^t-. *ltMS<^ 

-ssn-n^oiBP 5 0 a^m^^ivfiL^^m 5 2 1 , 

jga^iOSn 5 0 *ad J: a {cSJt^>t» B.':>-?-'^^^** 
5 2 t^Six/cZl^l&lttS M A^K*><?.lS-&5i 
je*tOl^O^^>f-^77A5 4a. 54b, 54ci:, 
SftiaJ5 2*>^>-^ffi{jt!t'ftatHL1.0:J^^^77A 5 
4a. 54b. 5 4ctci*l6|LTffiM§iTJt±S5 6i: 

[0089] C:«oJ: d5:1S«S-#tSv>f ^^ojKvtic 
J:Wf. SSf^5 2 fc±«5 6 t«3{i, gEf*:5 8*^ 
a]S^iE^tS»6 0*gg^$<X. r>f^7vA54a, 20 
54b. 54c^0r^^'>f S^^TT-^^-frSittJ; 
eS!»6 0C?&-?TlS*58SrM'3tlJ-rv:i:*»'-C^ 

[ 0 0 9 0 ] ^rfc, sMA^Kt LT«i, ^^m^cmm 

fJi, tt. T i N i-^^>^>^SSMA^ 

X. 3ooraP5 0±tc^<fMftA.iut3-:><0^^>f-V7 
^A5 4a, 54 b, 3 A ci:i^X.1ir7A ^Xl^yTliZ 

3oc0^^-f-^75AS:|gli0:J^^-^7^A54a. 1^2 30 
cO:5^-f-V'75A5 4b. m3«0^^^7^A5 4 c 

[oo9i]^a!52{±. m\<rmiik(mm.mn 

^Z. j^U3y««6 2±fcje«i|i64S-^LTfliJS$ 
«ilS6 4S-KiiLTJ^)«$nA:Sr^J^col8P 5 0*^^ 

^^mzm'yx-^^xWL»htix\^h, ^r*j. 



tLT. TO<OSP5 0 2r3gffl-rS (010 (a) # 

m) , »^iS64fcLTfi, m^mx 

tt. ■e<O--0!li:-tT.-*«tti&^rrSfiJiS:bS i NIK6 
4S:jgffl-ri>. 

[00 9 2llll~lg3<oy^A'77A54a. 54 
b. 5 4c(l, ^-f?. njg<OSP5 02rSdJ:otii^ 
^fL-CU 0 . tglilS (i£i5:>j s i NM) 

6 4±ti}§$flTV^S. 50 
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[0093] ^icoi d =5rfllBK2r*-f S^-f ^ o^K^Tt 

I.. ^-iX. imfi'm^rxi-^x\,z^\^x(r>?).Wim 

Jni.1.. ^l~ll3c0y>f-\'75A5 4a, 54 
b, 5 4c«0SiS7'n-feXji, SMA^|i6 6±t^ 

tt«s^is (H^L^t^) Sr^Lita. ^ffwrnm 
±.\z^wmmm\^—? e 8?:-iiimiz/^^~=^>yi-& 
(010(b) mi) . *mm<ommrcii. suAmm 

6 6*^^^2.111 ~ll3<7)y>f-\i'7^/w54 a, 54 

b, 54cizsmiiiijifi^ti^titi^iz'o\,^xmmt 

h: SMA^K6 6.htEISIiB***-rSgfe«tt 

%Wi (0^t=5rv^) S:«SL-Ctm\ 
[0 0 94] ;:iOJ:d^:i?jSra-irXtJ:ixtf. SMA 
»IS6 6fc£Bffil5^l**^§ftTV^S3ti6. "e-f^od^ 
>7^lBf fcrgia^ffitiJV ^T . H 1 3 iO^>f ■^'^ 
5A54a, 54b, 54 c{±, g[S&6 O^WI-TSi 
0t:±[6l§>'-A}B«5^jS-r (09 (a) #tH) . 

[009 5] ::<?5«»t:J3V^r, lli~l?3«o^^^-V7 

^A54a. 54 b, 54 c t*'!fJg^$i^t«fii^^*>/ 
KS?7 0 (01 0 ( b ) #aS) tm^comESrWJDfr 
SMA9M6 6 ^^WfcJlife-rS fc . T i N i -^S 

<DSMA»ii6 6tt. Jr-;^■r-^^ Ma (Sfflffl) tc^ 

JRtS . C: ^OiS*. S M A^]S6 6 «7)»«IB1©»*{C« 
-:^V^t:. lll~|g3<oy-f-^77A54a, 54b, 5 
4 c Ji, 5£» 6 0 SrHSrtS J: o \;z^wmszmcth 

(09 (b) ~(f ) . 

[ 0 0 9 6 ] tSoT . 3|i^c7)}g@{caffl Lfc-7>f ^' n 

5:S'5^^itfc:J;-5T. Ill-»3c0^>f ^77A5 
4a. 54b. 54cS^^fflWa-5^?Wt^^$-*S 

[0097] OT. ii?^<mm.mmL'^-^mm 

^A54a. 54b, 54cJi. ±rfiJ# K-AJ^5r« 

aiSn3tS[fls58{±, lll<?5^^^A'75A5 4a<7)a;i^ 
±-C*«^^1.-S (09 (a) , 
[0098] C:<?5tl=. |glcO^^-f-V77A54a<^)S 
MA^I16 6 (01 0 (a) ^Jn^-TSfc. ^1 

<7)^^>f 7 5 4 a li . ^<m^'mmzm':}\ ^x^ 
mmzmm-h. ^c^^*. a[*58ii. 5as6ot 

?ft->t:, IS2<0^'f -^77^54 b^Tinoas^iis 

(09 ( b ) . 

[0099] i^V^T. |gl(^^'f^77A5 4a*^ffl 

4bcOSMA»|g6 6^Jlg!fe-t-Sfc. I|2<0r>f-V'75 
54b{±. •5-«^^ia«S!l*tC«^V^-CTfflJ^tCl51ffl 
-rS. iOigH. gSf4c58ti. g£?560(=?»oT. 1^3 
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ff)y^-^yyJ^5 4ctTm')yi^tll (09 (c)# 
[0 100] m2<^y^'^y^M,5 4hi:^mB 

S?&SiXJtlSl<0^^^-\r77ix5 4aJi, ±[fil#H-A 

^eortt^^^tuttastatSfSix-s (09 (d) 



[010 1] C:<7)fi. gS10rr-f-\'77A54a5-F- 
J^imiZ. a-:?. ®20^^^^77-t.5 4bS:^fflJ^ 

;J^>f^77A54c^i8;fCj*'9a5$ixS (09 (e) 



[010 2]<iJt, ||3<or.^^75A54c?rTJiJg 

«{'ttl#:?-tt*tlitl3t'^T. %^<ny^\y=y^.^A 

bcOSMA^lg6 6fc:m-&M!iS-#ihLT. ^2*0^^ 
>f-^77A54b^^J$-fS. ClOJ^, m^^t.X 
S?&$tLy::Sg2«0^^-V7 7A5 4bJi. ±|6]#H-A 

( f ) #83) . 

[0 1 03] ^V^T. |g3O^^^-^77A54cC0SM 
A^|g6 6t:*ttSM6S:#±LT. lg3<7):J^>f-\r75 

3tm3<7)r-f-V75A5 4c{i, ±|6l§ K-AJ&ttSr^ 

6O*»^.i'l-*-^^:>3T'|gtM0ai§*iS (09 
( g ) . 

[0 1041 CitfDidt. mi~lg3<7)r-f-V77A5 
4a. 54b. 5 4ct:-«cJgfi!cS<T;t»lSb-:J'6 8 

(010 (b)#,^) -SrSlRWtclMrrs^fctcio 
T, Sa86Ot:?er>Tm5 8^0fSiO*l6l/\3*Oil5-r 
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[0107] -e^T. ^^cojgScoi d 1^1^ 
M^M (SS^L^Sr*'^) ^:frLT SMACKS 6±t^a 

r:?f-AX-^'i: tT«|g$-ii:6Cl fc*^^fig^:SMAaE 

(n^i^^mXtbh . ^fL{C>!f LT . ^i^t -^^ 6 8« 
ISSti. SMAg^li6 6<0lgi[i:{iiil«tcff«{cSlR 

mjf. MffO. 2AtmOTiSli^ffl(r>:^:J^, «il 
10 2 0//mT-fi;?5mm(?^Jgb-^'6 8<7)S^tn:{±. 
»2 0 0jr-ATS)-3;t. tSe-^r. sl^cojgfficoia 

Mi-tntf. fi«ie-csMASjs6 6$r}^iiia-r2.ffl 
[0108] <>:fcr. immm'E^tTiWtsrmmz.^hm 

20 [01091 01 It^i^tC, :^^<OJgStJiffl 
Lfc-ijC7C7K«|6]SI{±, i^SI57 2 k. ic03^7 2 
i6»^.gai Lit S M A^K*>^«SB&U^c7)>m^|g7 
4tS:iii.Tfc'5. fr^-^IK74t{i. ^<7)W$t>§g7 

{i. *ilte«Jg®-eii. -eco-^k UT. T i N 

[01 101 ni#^|g74«i. i»!357 2*»^>gajtJl 
051^7 4 aT-^-ffcLJt 2*«7)b-A 7 4 b & 

30 Tfc 0 . mwimiz^mii^zmi&^h i d t=r^ri«ii 

tt<0-«^t LT. *ll«[«»®t3afflL!tfrl#t>Sg74 
tt. ^a*T?&ai^S^i:tcJ:^T0+X^ri6lfe:^ftL 

(01 1 (b)#!S) , ^aiaifcjigsi-rs^kti-o 
xwmi&i^tMmzmi^h (011 ( c ) # 

S) . =5:te. ;m§l3SS74<05tSgl3574a{i. Z»5c3l£ 

[0 1 1 11 t-^yhaw7 6i±. )^«^>se7 4kK 
— -<?)SMAfiMi<to"CH*^j«^n''(:«'j, >m\'h 

40 |6j<ojRt<tt-^yh«rfri$*>SS7 4fc:-^i.&J:a(c. 
t-^ y hgW7 6 k fx^^yWl 4 k ^Sg^-rsgg^ 
7 8(i. 4(n^>mx> (01 1 (a) #og) 

[0112] c:<0 i 9 =5rZ<J5c3tfil6lS<7)|?iaro-b;;?. 
y ic-y u vif'^y-i ~\zi. o r^:-^ y 7 6 

ag7 4 cT^^i^tsiMjnxrD-bx^Mrr^i k tci o 

50 >t^t>§g74(CJR')ftftTt^t\ 



[01051 k^l^-C. SMA^lg*»<5^ST^'^aX 

SMASK<oajgS:±#$-fr&:ra*MRWtcffl<'^^ii 
X\^h. 

[0 10 61 b*>b^r*«4>; SMASElStl. :^iR*tm» 
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101 13] Z<OjLO^mtro-tXT\i. SMASK 

mtlZtiZi-yX. 5feJSgi57 4a*^l:ix:t±|ii]#^ 
lttJg«tC^^«. (HI 1 ( b ) mi) . 
[0114] iiOttHtfcl^T, ,m§*>Sg7 4<0MiStC 

!mmmim}Mk{zM'^\^x . m§*>^7 4«. 01 1 
X. A<nmimm^\i:m-^\^x)^^m A 

aBP1s>RltS 7-1357 4 ati. X:fr|6]t jglrtS i: 1^1^ 
fc. i<0RltS7-a574atli. ^-^VVW^l (> 

s "j-^i 4 a«. x:)5rifii&inr^ri6i<o 2-:><?^t- 
LTV^I.RIt55-«|57 4afc3tiS:A«§*^:«^. R 
«5^-^Sl574a*>/^>R|^L:tKI^3t{±. "iiCTC^rifilfc: 
M[6l-fS^tt^ra, ^rfc. TiNi^^SSMAgflS 
»*6 3 3nmOWtfc*ttSRIt^3&«*«;5 0%-C*> 

±tc Twmm^^x^xkMm^mL^'thztm 

[0 117] i;t. H12t^idC:, m$-^|g74 
^eiil^^tS/cVjcDlieiblDSSS 22ilt/m|aI!S8 4 ^ 
4 i:«fcSlta57 2±t-*WKJgj£-tS^ 
i:t>ffltLV^. Z<n^. K»lllISS8 2fc)^*>^74 
<^St<0®Bi''« y KSOfcJi. «^'7>f-\'8 6fc:J;-:>T 



[0118] mz. ^wm%b(rmk<m%\z^m 

[0 1 1 9] HI Blirfl^-ridtc. ^wmwizmi 

L^!3tii|fi]Sli. il*a588i:. ::0$mii88*>A>@ 
aiL-t SMA3K*>f,«SB&U^<^>V^^^9 0 1 5 
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•C{±. ^(D-mtLX. Ti Ni^^>/c>«5SMAS 

Miismi. zcosMAmmizii. micomiM<r>Bmb 
i}m^tix\'^h. 

[0120] ^mj&commxti. sjtSKs sbLx.m 

>^1?fl3^9 OJi. 3d*SI5 (Z;&-y 88*>ii> 
gaiLB.-:>5\^9 0 aT-ft^kt/;:2*^b'-A9 0 
b^^TLTfeO. ifL^>h'-A9 0b±{c9rSc7)rta!|5 
10 iJ^^^hit^')i^'}^ymk92im^mm^tlX\^ 

*H«B««) 88li^i*cTfcS^a6. ic7)$i#a5 (Z;* 
•y h*B^H««) 8 8 fc T i N i ^^Sfrft^lS 9 0 fc 

1^9 0<m^9 0 a»i. 3iaB|fil5i<7)R|fai: LT*ffl 

[0121] W.z^ dwi d^ritffllfilSgiOSBiro-fex 

^fS^tlittWI., Z;(? yh*fifflS8 8±fc:xyN->y^' 
ft-CT i N i -^^^h^st SMA^K^it« L^a. 7 
20 :rbUy^77-f-fc:J:-?-CSMA^|gi&M-J*t.§^ 
t^\-^--y:/-tS. i^V^T, C:<7)SMAaiit^fUT 

(7)2o<ob'-A9 0 b±t0fscortaii5:^i&^r-rs5Ku 

8 8fcCrl^l (H^L^V^) ii^LX'm^Mi 
AufSvX^'9 4^fflV^T. Z;<? yh*H^BS«8 8fc:S 

^rttx-y^y^^^lirt. ^<^)te*. ( z;<? -y bTk 
1^^) 8 8fc5J$SiiA:>^1$'feSg9 0&*-rS3tlil6l 

30 [0122] Cicoi 0 ^rSj§7-o-b:^tffll^3t^y i^U 
3ySll9 2ii. -1 60MPacoffijiffi:^jS:^rrsc 
t*gai4.<iTv^-& (±EBa*iHgffio:JdK#Ba) . 

X. Z;>>yb*aS«88tC^:)^ttXy^y^<3&Jifi$n 
Jt^. Sia^QBtfev^T. )^1§fe§g9 0Ji, HI 3 
( b ) fci^-r J: 0 jKU i^'J 3 yW^9 2 0£^J5:^J 
fciioT. Tl6J#^ftJ^5-lS-r. iajg8 2X:o 
NH4 -HF2 ^^^(ftfcV^T. Z;<^-yb*Sa«8 

^)!/'HJh^r<b^>lj:tABitt"jdi^t f<l>>^^ (Naoki Sugiya 

40 na, et al..A QUARTZGALVANOMETER FOR OPTICAL SCANNI 
NG IN A LASER PRICING APPLICATI0N,Tech.digest.6th 
International Conference on Solid-State Sensors a 
nd Actuators(Transducer'91),1991.pp.734-737.). 
[0123] c:co*t®t:tJi^T, >V»*>^9 oaym^^z 
»«^i^^t-^t<omS>'^■ y K 9 6 t0f^<OSffiSr Win b 

xsuAwmwk-tht. zffisuAmmM. 

T:^'^ bffl (^Sffi) fc^Sftl.. c:<7)|gm. SMA^ 

mmmm)i%\>z&-^^^x. )^*^9o\i. mi3 

50 [0124] m.->x^ :ifmt<mmi:}mhtzmi^ 
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c:fc**Tl=S. ^rtJ. TiNi-^^SSMASKJi. » 
*6 3 3 nm<03Ktiti-|.RIt$*«*«j5 0%TS)Sfe 

C r S!««fl^^ LT A u a ?r Jt«$-tJ:5 ^ *Wi L 
V>. 10 

[ 0 1 2 5 J mz. :^m(r>m7ffm&<mmmi>m 

^' ^ ax-^' SrSffl LJt -V7 ^AS^?^ 
[0 126] 014tc^J:ot. J^SIifitOJgJStcjSffl 

i}-t>fiii^m!ii ooimtxm. ^cm^moo 

JSMilSl 0 2*:frL-C-:fr|iilttSMAS|gl 0 

4R(^mim:fji:^-riJsijwm i o 6 muzim^ix 20 

TV^S. SMA^HI 0 4i:L-C{±, 

STtt. -e<?5-0«i:LT. T i N i^A-A>^SSMA 

atlS 1 0 4 S 1 cOHifeOJgffii: ^«c^«gj&7" 

[ 0 1 2 7 ] 3a#ia51 0 O^rffl^Sv-'J n>S«9 8 

□ io8{±. immio2i)mtiitttTi^o^ 

mm 1 0 2 1 LT<4. laigfl^igxjsffiK:^^ 
-fbi^y nyjg (fije:>js i Nis) ^^cos^K^affl 

[0 128]«SS)S(iSi5:bSiNM) 102. SMA 

mmi 0 4AiA*5^i^Ki 0 6j±. mL<mu i 

O8i&S3J:3t3d$a51OO±t^Sii-Cfc0. s 
MA»IK104t{i. CLCOSMASKl 0 4S:M!aitX 

^-->i/$ilTV^|.. 40 

[0 12 91 z<r)i.o\,zm^^tifty^^yyJ^m]^^ 

tit::mmy^ ^7 ^ a 1 1 0 its . ft«cfltj 

loco^^>f-V77Al 1 O^0|fctoTmHWI.t 
(014 ( a) . - (-b ) Mg) . HP 1 0 8±t::m$ 
ii/c^^>f-^77Al 10J4. Sa*t®tcfcv^-c. 

isi 0 eco^m^zif.'yxm^ Y-mm:m- mm 
(b) #83) . -eLT. s^mmioA\z-wm^^ 

iut^Mt-^'{C ioT SMA^Kl 0 4 SrM-^S 

C:<0TiNi-g^SSMA^Kl04»4. :t-Xr 50 
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•r^ hia («ia<a) tiSBf i.. t i n i^ 
^^s'^\AmtioA<mmi}&m^<.zmrs\.yz. 

-V77A1 1 0{±. |5I0 ( a) tcS^-ria^r^ffl^fc 

[0130] ^3liSc7)W=jiffl t/^r^f-v-^^AS^ 
^^^^tJ:n»f. ^O^'f-^'^^Al 10t*tL 
•CS«?«tc«E9ianS:«0ii-tCt{3J:ot:. 014 

(c). (d) tS^-Ti^tc:. SS:«7)r^^75Al 1 
0^^^>''«^'->'fcitieLT^$-li:Sifc3&f5rigi:=3r 

s. ^-yx. m^f<9-yk%^'^-^\zm.->x^fL^ 

[ 0 1 3 1 ] =&-*5. *B^+fcJi. m<rmm^t. 
(1) wsicrmmizmmimL-fhtssmmiiM 

i^^mmzwmimm^mtwmmmiMyL . 
mimsL'&^^mmm'Mm},z)^9~~y<r^hi^ 

»|g<^)-ia5S:X y^y:Jn^-r&iei:. |gS»«<7)a 
s JJB ( 1 ) \,z^(r>^-m. 

(3) »N-:J'--y:5^Xgfc:t3V^T. fiiOgl^e^ 

Mmt. yithW^yy^-izX-oX. m^mkiz 
/^i^-=.yy^tih:itimibi-h±Mi ( 1 ) lz§m. 

(filfig) ( 1 ) ~ ( 3 ) ffmmi. ^x<mm<rmm(,z 
(mm^) z<7Mmizxtiii. ^imtr^^-bixiz 

(4) luiej^Be^^m. m^m&i:^t± 

ifiimmm±.izm^tii>;ib^mLti-hm 
(ffljig) z<7)mii. ±xerm&<mmizmm^^!^TS) 

BHaB»4'-C14. miWHifecOJB® (01X1/02 
#5i) t:ft«c«PS:1i«*^^?ti.t:v^-S. 
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mmHa) , ( b ) #Bg) iz$m^-\tlt:ibcr>^<^ 

(5) miaimrStfc>-^T. miE±S^IS&r^mlET 

iztimit-ri,±m (4 ) trsaosit*^. 

5f^ffl{c«-:JV^T. Mffl«®fc:t3V^T. fibW^Ltim 
fl«ffi(01(a). (b) tlRO#-S. 

(6) Birsissfljiftsaaisji, luEjsimstficfcv^ 

(f^ffl^) mm. T i N i -^ifist^trsfeB^B^ 
4 8 0'cjjUi<o«ia'r-ffi>ti.s. z<r>fzif). ± 

(7) msteSfl:i8ii!Po:gatm£jg*^is*^ 
(4) taacosism 



(mm:) m^. t i n i -s^Mtiwsjg^iBe 
jjyui. 4 0o~5oox:£7)iar?^SHS-wra{: 

(8) miJMnmj^miywmw)\yftd]---)j<r> 
wm:msi.'&-^± (T i N i ^^«c u-^) x^ 
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oykmmxmtth^h -^^b-ttm. ( 4 > tia 

Mf^bLXM. ffifflBWtJKtT^'o-i> (Cr) . Xr 
ywxxf— ;KSS) , ti>:rT>'(Mo) , ^y^ 

)V (Ta) ^OS'^CO^a (03 (b) #ti) SrJM-t 

(9) mJi«SMatmET»^Mi7)V^^*— 

10 ( T i N i ^^{±C u ^ ) 

(10) mE±^M«±, Ti-55at.%Ni*>^>Ti-5ait.%Ni 
Oim^i rich :icttJ«^flt, raaTW^Mti. Ti-4 
Sat. %Ni*>^Ti-50at. %NifiOKH(!OTi rich^rffl^?:*- 

20 -ri.C:ti&^i:-t4±iE(4) H^oSit^ffi. 

(11) mEJiS^Mii. Ti-45at.%Ni*>^>Ti-50at.%Ni 
OKHcOTi rich ^rfflJicSrWL. mT^SiStl. Ti-5 
5at.%Ni*^^>Ti-50at.%NiiOKH<ONi rich^rffl^?:^- 
•tZ>:ibi:WSLb-rhlM (4) ta©iOSjt*a. 

mm (10). ( 1 1 ) co^BB«. ^Tcoiiitio)g 

1 1;: i t . s M ASISfcffiffii5:>]Xtt?l3Sl5:»] 
30 7Lh:ibli^x%h (04^) . iiote*. J«teco 
jg®fci^at, aja«)s-cjJ5rxj±T^rfc:?tai (01 
( a ) . ( b ) #M) ^lajajitin^-tsi 1 1 
ii-^xmM&Lfz^mk^izm. 01 (c ) #ii) ? 

■fr-SC: kAnTSI^rr^riSHB^aee^^lSri^^AX- 
(12) luia^igisfcfcv^T. mm<nT)v^yi!x)S: 
ii^it^^h^bi.zi.'^x. miMmm^Mmfr>n 

40 («fi£) ^f)i6BB{i, ^x<7j^<mm.^mymwch 
mm^xM. m<rmk<mm (03 (a) # 
Bg) \zmmi}^^^iix\^h. 
(mmi) nmis-nii^^^^hijmbLxit. 03 

( a ) tr^-f J: d t . iSP^T^Wrf y ;<rxff ( JJIT. 

COJ^. A rmii 1 . 0~8. Omtorr t.X^^^ 
St, 4. Siitorr S-^itLT. ^E:']ffl!lT5l5ilB:>J. 

m.-nmxmmi]ifiH-3Lt:>tih. 

(13) IJIBlSISIStCfcV^T. «ISI»KOr;P:fy;<fXflE 
50 $-3g^l:5-ii:l.itt<J:^T, |ifia)^B1g^^lS<7)m 
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[02] ( a ) ~ ( e ) ^OjlMSCOJBffi 
fe:«a»«cES^#3IST^'f-jLX-^co»j5ro-bx 

[03] (a) ti, TiNi^^>^>«SSMA^MtO 

J)oT. lS)lieF<or7l'd-y;yxEi:l^l85iS:>3t«OS«?r 

T. Ty^::^T;<rxcOSaS: 1 5 Osccii3&»f>3sccii*T 
[04] (a)XV(b)J4, SMASIKi7)rtai 

[05 ] ( a ) ~ ( n ) 14, SMA^ISOff$:6-[6ltjE 
0. 

[06 ] :^wmm2<m^<mmiz^hms.m^ 

^<^fl!jSi£:5^^«0-C*>-5-C, ( a ) {4. SS^fciSK 

0, ( b ) (4. Mmmizm^^xmt^-hmpf-wmktz 

lliaLfc«®^^-t0. ( c ) »4. ^SfeOJgtgOJBtt 
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<O3ecO<l|pI«®?r^0, 

[07] :^^mf^3<r>miikmmizgi>mmi^^ 

X-:J'<omSr5^-t0T'$)-:>-C. ( a ) St/ ( b ) (4. 

Lfc*t<B&*-r0. ( c ) at^ { d ) {4, Jnmiifcfc 
V>T^^^-V77A*q^fflJ^fc(lIffiL^«®Sr^rr0. 
1 08 ] ( a ) J4. ® 3 cOHMS^^JBffifcSI. Jg«lS1S^ 
^lgT^'f-jLX->2:3!£fflliiI^i: Lxm\>^tim<^(r> 
10 ffl|fi]«®^*^. (b) t4. |g3<7)|life<OJg®lc:«S 
Jg«Ee^^liT^'f-iX-^ y-t hX 

[09] ^wmmA(nimimw,zmmmm^ 

^■t0Tj) o T . ( a ) ~ ( g ) J4, nr^yTff) 
[010] (a) 14, 09lc5^$iTJtV>f ^o^yr« 

im\izf^i^~=.y'/^titz^s^wwk^-^ffimm:^ 
20 -m. 

[011] *fiBH{7)ii5«ieifi<ojg®{c:«&jg«iee^ 

t6i2§<^fliBgir*-r0-cj>oT, ( a) {4, im-wm. 
( b ) J4, Mfi*i®t;:fcv^T>m^§e*^stnjt±i6j# 

^fl»K^«Uv:4jt«iS:^rf0, ( c ) {4, JlSittSt 

[0 1 2 ] 0 1 1 fc*$*i^»KSig^^isr^'^A 

30 <>5Siail6l3§<0«fi£^^im-&-?T, (a) {4,-^*0 

¥ffi0. ( b ) <4, sa«»ifc:fcv%T>ti#^S*«JRtix 
fe±|p|ii?f fll»tt^«Lfc*t<S2rfl^-r0s ( c ) t4, JD 

-m. 

[013] *|feHHO||6cO||iftO?»®t«SJg1^e^ 

18«^S^1-0'C*r)T, (a) {4, 'e<Offlffi0, (b) 
14, ^iatt®tt>t^Tfrft*^Tl6l&^iaHg«i&«L 
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[014] *IKB<0^7<OlUScojgffitc«S»tj^ig^ 

^m^i^m^^^-imx'h-yx. (a)j4, 

0, (b ) {4-, m^^i,z^\^xy'i^yyJ^1fi±m 

Y-M.m^i^LtM.^m'm. ( c ) aif ( d ) 
{4, y^^yyJ^m}^^^^=i-<^ym.<r)y^'^yyJ^ 

. 0. 

50 {^mm\ 
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